Introduction
The oviduct plays an important role in the reproductive process. It is considered to provide a conducive environment for gamete maturation, gamete transport, fertilization and embryo devel¬ opment (Chang, 1951; Kille & Hamner, 1973; Shapiro et al, 1974; Gaunt, 1985 ; Kapur& Johnson, 1985) . The luminal contents of the oviduct are contributed by selective transudation of serum components (Feigelson & Kay, 1972; Oliphant et al, 1978) and specific secretory products of oviduct epithelium (Urzua et al, 1970; Stone et al, 1980) . The study of specific secretory products in rabbits (Oliphant et al, 1984; Hyde & Black, 1986) and in baboons (Fazleabas & Verhage, 1986) has been attempted by using oviduct expiants. The proliferation, ciliation and the secretory process of the oviduct epithelium are influenced by the ovarian hormones (Fredricsson, 1959; McDaniel et al, 1968; Brenner, 1969; Odor et al, 1983) . Oviduct secretions can be best studied independently of contributions from the serum by growing the epithelial cells in vitro in controlled culture con¬ ditions. There have been some attempts to culture expiants of the oviduct of rabbits (Nilsson & Hellstrom, 1957; Odor & Blandau, 1985) , of fetal mice (Rumery, 1969) , of pigs (Boullant & Greig, 1973) and of cows (Witkowska, 1979a b) . Preliminary findings on the cell culture of bovine oviduct epithelial cells on plastic (Joshi, 1986) and on reconstituted basement membrane (Joshi, 1987) have been reported. The studies of Witkowska (1979a, b) and Joshi (1986 Joshi ( , 1987 did not attempt to study the specific morphological and functional characteristics of the epithelial cells growing in vitro. In this report a simple method of isolation and cell culture of oviduct epithelial cells from cows is described and the ciliated and secretory cells growing in cell culture were examined by electron microscopic study and immunocytochemistry.
Materials and Methods
Animal material. Uteri and ovaries of cows were obtained fresh from the slaughter house (Held Beef Industries, Fargo, ND, U.S.A.). Oviducts that were associated with ovaries in the follicular stage of the cycle were selected for the study.
Isolation of the epithelial cells. The oviducts were dissected from the uterus and freed from the associated mesentery, major blood vessels and fat. The fìmbria with preampullae were removed. The ampulla and isthmus were saved for the study. Each portion of the oviduct was flushed with 10 ml Ca2 (Karnovsky, 1965) . The oviducts were then cut into 2-mm pieces and suspended in the same fixative overnight in a refrigerator. The tissue pieces were rinsed with cacodylate buffer pH 7-4, post-fixed in 2% osmium tetroxide (Tousimis, Rockville, MD, U.S.A.) dehydrated and embedded in an Epon-Araldite mixture (50:50 v/v) for thick and thin sectioning.
For transmission electron microscopy of the subconfluent cultured cells, the procedure was followed as described by Joshi (1985) . In summary, the culture dishes were rinsed with phosphate-buffered saline (PBS), fixed in Karnovsky's fixative, post-fixed in 2% osmium tetroxide, dehydrated, infiltrated in alcohol-Epon mixture and embedded in Epon. The plastic dish was pulled away from the Epon, leaving the cells embedded in Epon. The vertical sections passing through the surface facing the medium and the surface facing the plastic as well as oblique sections in the horizontal plane were stained with 2% uranyl acetate and 0-2% lead citrate for viewing on a transmission electron microscope.
For scanning electron microscopy of the isolated free cells, the cells were deposited on the Unipore filter by using a tuberculin syringe. The Unipore filter with the adhered cells was processed for scanning electron microscopy. The cells were fixed in Karnovsky's (1965) Preparation of antiserum to secretory proteins of bovine oviduct. The oviducts of 8 cows were removed carefully from uteri and trimmed of the mesentery, major blood vessels and fat. Each oviduct (with ampulla and isthmus) was flushed with 10 ml phosphate-buffered saline (PBS). The pooled flush was centrifuged at 7000 g for 15 min at 4°C to remove the cell debris and mucus clot. The supernatant was dialysed against PBS in a cold room for 48 h. The retentate was concentrated by ultrafiltration to 4 ml by an Amicon PM 10 filter (Amicon, MA, U.S.A.). The protein in the concentrated oviduct fluid was 5 mg/ml using bovine serum albumin as standard protein (Lowry et al, 1951) . Concentrated oviduct fluid (0-8 ml) was emulsified with an equal volume of complete Freund's adjuvant and injected intramuscularly into a rabbit. At 20 days after the intramuscular injection the first booster injection of 0-35 ml of the concentrated oviduct fluid was administered into the marginal ear vein. Two more booster injections were adminis¬ tered at 4-week intervals. At 1 week after each booster injection, the antiserum was collected. The antiserum obtained after removal of the clot was divided into 5-ml samples and stored at -20°C. Before use of the antiserum for immuno¬ cytology and immunoblot it was repeatedly absorbed with lyophilized calf serum (Gibco) until no precipitate was observed. Different dilutions of the absorbed antiserum were tested against the material flushed from the oviduct and against bovine blood serum by Oucterlony's double-diffusion test. The second and third bleeds which provided strong immunoprecipitin lines against oviduct fluid proteins but not against serum were pooled.
Immunofluorescent tracing of oviduct secretory proteins. Immunofluorescent tracing of oviduct secretory proteins was done on 8-µ cryostat sections, 6 µ paraffin-wax sections, 1-2µ methacrylate sections of freshly obtained oviduct tissue and on subconfluent primary cell cultures. Pieces of oviduct tissue (4-5 mm) were fixed overnight in Bouin's fixative, and processed for embedding in paraffin wax or methacrylate (Polysciences, JB 4 kit). The methacrylate and deparafllnized-hydrated sections were first washed with PBS and layered with a 1:10 dilution (in PBS containing 1 % normal goat serum; PBS-NGS) of primary antiserum which was filtered through a 0-2 µ filter.
The control and experimental slides were kept in separate humid chambers and incubated overnight in the refrigera¬ tor. At the end of the incubation the sections were washed with PBS-NGS 5 times and the control and experimental slides were incubated with a 1:10 dilution (in PBS-NGS) of goat anti-rabbit IgG conjugated to fluorescene isothiocyanate (Miles, Naperville, IL, U.S.A.) for 1 h at room temperature. The secondary antibody was washed 5 times with PBS and the sections covered with a drop of 95% glycerol in PBS and a coverslip. The immunofluorescence was observed under Leitz Dialux 20 equipped with epifluorescence. The cryostat sections of oviduct were fixed for 5 min in cold absolute methanol, washed with PBS and processed for immunocytology as described above.
For immunocytology of the secretory proteins in cultured cells, the cells were washed twice with cold PBS and later incubated for 10min in PBS containing 01% Triton X-100. The cells were again washed in PBS and fixed for 5 min in cold absolute methanol. After fixation, the cells were rinsed 3 times with PBS-NGS at room temperature.
Further immunocytological tracing was done using the same protocol used for sections of the oviduct tissue.
As control, a monolayer of corneal endothelial cells from cows was processed as for immunofluorescent tracing of the oviduct secretory proteins.
Immunofluorescent tracing of keratin in the cultured cells. Immunofluorescent tracing of keratin in cell cultures was done according to the procedure described by Olson et al (1983) . For this study a 1:10 dilution of guinea-pig antibovine keratin (Miles) was used as primary antiserum and a 1:10 dilution of goat anti-guinea-pig IgG was coupled to fluorescein (Sigma) as secondary antibody.
Immunoblot studies. Polyacrylamide gel electrophoresis (PAGE) of calf serum and bovine oviduct fluid in the presence of sodium dodecyl sulphate was done according to the method described by Laemmli (1970) using 5% sample gel and 10% separation gel. One set of electrophoresed samples and the molecular weight standards (Pharmacia) were stained with Coomassie blue to analyse the protein components in the calf serum and in oviduct fluid. The gel containing the other two sets of electrophoresed samples was kept in contact with nitrocellulose paper and electrophoresed overnight at 25 mA constant current to transfer the proteins onto the nitrocellulose paper. At the end of electrophoresis the two sets of transblots were processed for immunostaining. The paper was first incubated for 40 min in 5% fat-free milk powder in Tris-buffered saline, pH 7-4 (Medium B). The papers were then incubated in normal rabbit serum (control, 1:10 dilution) or rabbit antiserum against oviduct fluid (experimental, dilution 1:10) for 2 h. The dilutions of the primary as well as the secondary antibodies were made in Medium B. The primary antiserum or normal rabbit serum was washed 5 times with Medium B, 5 min each, and both the control and experimental strips of paper were incubated with a 1:100 dilution of peroxidase conjugated anti-rabbit IgG (Cappel, PA, U.S.A.) for 1 h. The secondary antibody was washed similarly from the paper strips with Medium and colour reaction was obtained using 4-chloro-l-naphthol (Sigma) and hydrogen peroxide in TBS.
Results
Electron microscopy of the intact oviduct
The epithelium of the isthmus and ampulla contained predominantly two types of cells, the ciliated cells and non-ciliated secretory cells (Fig. 1) . The histoarchitecture of the epithelium was similar to that described by previous authors (Bjorkman & Fredricsson, 1961; Dickey & Hill, 1974; Nayak & Wu, 1975; Uhrin, 1983; Uhrin & Kliment, 1983a b) . The ciliated cells extended from the basal lamina to the lumen, with cilia intermingled with a few microvilli uniformly distributed at the luminal end (Fig. 1) . The ciliated cell contained typically a large number of mitochondria distributed throughout the cell cytoplasm. The supranuclear Golgi complex and rough endoplas¬ mic reticulum were occasionally seen in these cells. They contained a number of smooth vesicles and polyribosomes. The secretory cells also extended from the basal lamina to the lumen with irregularly scattered microvilli on the plasma membrane exposed to the lumen (Fig. 1) . Some of the secretory cells had dome-like projections within the lumen. The cytoplasm of the secretory cell contained extensive rough endoplasmic reticulum and polyribosomes with fewer mitochondria. Several foci of the Golgi complex containing 4-5 stacks of cisternae were observed in the supranuclear cytoplasm (Fig. 1) (Fig. 2) . The trypan blue exclusion studies indicated that 90-95% of the isolated epithelial cells were viable. The isolated cells contained (Fig. 3a) . All the colonies displayed a typical epithelial appearance with highly packed polygonal or elongated cells. The young colonies con¬ tained ciliated cells as recognized by the movement of the cilia for the first 3-4 days of culture, but lost the ciliary beating completely by the 5th day of the culture. A few cells which did not attach to the plastic dish remained floating in the culture medium with active ciliary movement. These unattached cell clusters, which survived 3 or 4 changes of the nutrient medium, grew into balls of cells often actively spinning in the culture medium (Fig. 3b) . The ciliary activity of the ciliated cells in the floating balls was maintained for 8-10 days. The cells which attached to the plastic dish proliferated, as indicated by mitotic cells (Fig. 3d) , and became confluent in 10-12 days after seeding (Fig. 3c) . The confluent cells could be detached from the plastic and subcultured at least 3 consecutive times without any. adverse morphological changes as observed by phase-contrast microscopy. The cells proliferated equally well in fetal calf serum and in horse serum.
Electron microscopy of the cultured cells
The transmission electron microscopic appearance of the epithelial cell cultures of ampulla and isthmus did not differ greatly from each other. The electron microscopic section passing through the plasma membrane exposed to the medium and the plasma membrane facing the plastic dish indicated that the epithelial cells maintained polarity with the presence of prominent microvilli at (Fig. 4) (Fig. 5) .
The ciliated cells were recognized by the presence of less rough endoplasmic reticulum, a large number of mitochondria, free ribosomes, polyribosomes, and microtubules (Figs 6 & 7) . Occasion¬ ally, the 6-8-day cultured ciliated cells contained several basal bodies within the cytoplasm in association with a large number of smooth vesicles and microtubules (Fig. 6) .
Thin sections of 4-day cell cultures demonstrated the presence of intact cilia in some cells (Fig.  7a) , while in others they seemed to be replaced by microvilli (Fig. 7b) . Some cells, probably ciliated, showed the presence of large vacuoles which contained debris and an occasional component of cilia (Fig. 7c) . Immunocytological characterization of the epithelial cells The cryostat, paraffin-wax and methacrylate sections of intact ampulla and isthmus were processed for the immunofluorescent tracing of the oviduct secretory proteins. All the three methods of sectioning indicated the presence of specific immunofluorescence in the epithelium (Fig. 8) . The methacrylate sections showed specific immunofluorescence in the secretory cells in the form of discrete granules predominantly in the supranuclear region (Fig. 8c) . The control sections layered with preimmune rabbit serum instead of the primary antibody did not show any immunofluorescence (Fig. 8a) .
Immunofluorescence tracing of the secretory proteins in the cultured epithelial cells indicated strong immunofluorescence in large patches of cells (Fig. 9c) . The intensity of immunostaining varied in different cells. The lack of immunostaining in some cells may be because of poor secretory activity in the secretory cells or because the non-fluorescent cells were non-secretory ciliated cells. Monolayers of corneal endothelial cells lacked the specific immunofluorescence (Fig. 9b) .
The oviduct epithelial cell cultures demonstrated the characteristic immunostaining of the cytoskeleton (Fig. 10b) . 2) and of calf serum (lane 3). Lanes 4, 5, and 6 are immunoblots of the electrophoresed proteins which are first incubated with rabbit antiserum to oviducal fluid proteins absorbed with calf serum as the primary antiserum while lanes 7, 8 and 9 are immunoblots of the electrophoresed proteins which are incubated with normal rabbit serum instead of the primary antiserum (see 'Materials and Methods'). The protein amounts in Lanes 1, 2, 3, 4, 5, 6, 7, 8 and 9 were 30, 8, 8, 8, 8, 30, 8, 8 and 30 µg respectively, a, b, e, d, e and f represent proteins of M, 90 000, 70 000, 63 000, 58 000, 52 000 and 20 000, respectively, recognized by the primary antiserum.
Immunoblot studies
The absorbed antiserum to the oviduct luminal proteins recognized distinctly 6 proteins from the oviduct fluid as indicated by the immunoblot (Fig. 11) . The approximate molecular sizes of the proteins recognized by the antiserum are 90 000, 70 000, 63 000, 58 000, 52 000 and 20 000. In spite of repeated absorption of the antiserum with normal calf serum, the antiserum reacted faintly with a component of normal calf serum (Fig. 11, lane 4) (Witkowska, 1979a, b (Sun et al, 1979) , as indicated by immunocytology.
Under culture conditions, the secretory and ciliated cells maintained most of the characteristic histoarchitecture described for the intact oviduct epithelium of the cow (Bjorkman & Fredricsson, 1961; Dickey & Hill, 1974; Nayak & Wu, 1975; Uhrin, 1983; Uhrin & Kliment, 1983a, b) but the cells in vitro had fewer secretory granules and increased presence of cytoskeletal elements. The increased visualization of cytoskeleton may be because of the changes introduced by spreading and change of cell shape due to in-vitro conditions. Similar cytoskeletal alterations have been observed in the cultured epididymal epithelial cell (Olson et al, 1983; Joshi, 1985) .
The ciliated cells after attachment to the plastic, lost their cilia after 4-5 days in culture. It has been established that the ciliation and the secretory activity of the oviduct epithelium are induced by oestrogen (Fredricsson, 1959; Stone et al, 1980; Bareither & Verhage, 1981; Odor et al, 1983 In the present culture conditions, the cilia were maintained for only 4-5 days in cells which attached to the plastic. The electron microscopy of ciliated cells cultured for 4 days indicated the presence of a few intact cilia in some cells while in several other ciliated cells the cilia seemed to be replaced by microvilli. Some of the cells growing in vitro for 4 days showed the presence of large vacuoles containing debris. Occasionally some components of cilia could be identified in the vacuoles. The progressive loss of cilia in vitro by the attached ciliated cells in these culture con¬ ditions may not be entirely due to lack of oestrogen in the medium, because the ciliated cells which did not attach to plastic proliferated into balls of cells and maintained active ciliary movement in the same culture conditions for 4-5 days more than did those of the attached cells. The serum added to the culture medium was the only source of the steroid hormones to the cell culture. The effect of steroid hormones on the ciliary beating, secretory activity, and muscle contraction in oviduct expiants growing in vitro has been examined (Bousquet, 1964; Rumery, 1969) . The preliminary studies of Bousquet (1964) indicated stimulation of the rabbit oviduct epithelial activity by oestrogen while in mouse fetal oviduct expiants, the oestrogen seemed to suppress ciliary activity and muscular contractions (Rumery, 1969) . A more detailed morphological investigation is needed to understand the role of hormones on ciliogenesis and deciliation in cultured oviduct epithelial cells.
The secretory cells growing in vitro contained abundant rough endoplasmic reticulum and 2 or more well-developed Golgi complexes. The characteristic secretory vesicles with lamellar inclusions which were seen in intact secretory cells were evident only in horizontal sections but not observed in the vertical sections possibly because of the cell-flattening in vitro. Immunocytochemical tracing of the secretory proteins in the cultured cells showed specific immunofluoresence in intact secretory cells and in tissue culture cells indicating that, under the culture conditions, the secretory cells elaborated specific secretory products. The bovine oviduct fluid contained at least 6 protein compo¬ nents which were recognized by the absorbed antiserum, as indicated by the immunoblot studies. The antiserum, although extensively absorbed with normal calf serum, produced a faint reaction with a component of normal calf serum, but the immunofluorescent tracing studies using the absorbed antiserum indicated distinct specific immunostaining within the intact bovine epithelial cells.
Joshi (1987) has indicated that the secretory cells growing in vitro on reconstituted basement membrane became highly differentiated, maintaining the histoarchitecture and more closely resembling that of intact secretory cells, with secretory granules migrating to the apical plasmalemma. Experiments are in progress to study the role of steroid hormones on the secretory activity of the cells growing on the reconstituted basement membrane.
